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ABSTRACT buffering capacity, that is, its ability to adapt to variable
weather, insect, disease, weed, and soil conditions. WaysGenetic diversity in cropping systems can provide buffering against
to improve a crop’s buffering capacity include intra-varying environmental conditions. Therefore, cultivar blends may

have greater and more stable yields than their pure-line components. population interplant buffering through mixing culti-
Optimization of cultivar blend development requires knowledge of vars or genotypes, and individual intraplant buffering
the relative importance of pure-line yield potential, blend response, through maintenance of heterozygosity (Allard and
and cultivar interactions to blend yield. Grain yield and volume weight Bradshaw, 1964). A cultivar blend can capitalize on
of oat (Avena sativa L.) pure-line cultivars and cultivar blends were the principle of intra-population buffering, because a
measured in eight Iowa environments in order to compare their pro- mixture of genetically different plants may have a
ductivity and stability and to estimate genetic components of blend

greater chance of successful adaptation across a rangeyields. In one experiment, five early-maturing cultivars were grown
of environments than a genetically homogeneous popu-as pure lines and as all possible two- and three-way cultivar blends.
lation.In a second experiment, ten midseason-maturing cultivars were grown

Smithson and Lenné (1996) reviewed the literatureas pure lines and as all possible two-way blends. Grain yield was 3%
greater (P � 0.05) and volume weight was 1% greater (P � 0.05) in on cultivar blends in many crops and concluded that
blends than in pure lines in the early-maturity experiment; however, blends generally yield slightly more than pure lines, but
pure line and blends did not differ in the midseason-maturity experi- their true benefits lie in disease control and stability.
ment. Blends had more stable (P � 0.05) yields than pure lines in Blending can have significant positive effects on disease
the early-maturity experiment only. Modified diallel analysis was used control (Mundt et al., 1995; Finkh and Mundt, 1992;
to partition the variation among two-way blends into general yielding Power, 1991), and can reduce yield losses caused by
ability (GYA) and true general competitive ability (TGCA) of each

variability in soil quality (Trimble and Fehr, 1983). Thecomponent genotype, and specific competing ability (SCA) interac-
usefulness of cultivar blends in oat, however, has nottion between blend components. General yielding ability variation
been established definitively. Pfahler (1965) reportedwas significant, whereas variation for neither TGCA nor SCA was
that a small sample of cultivar blends had greater yieldsignificant. Oat genotype responses to blending were sufficiently con-

sistent across blending partners that superior blends can be selected stability than the component pure lines. Frey and Mal-
based on pure-line evaluations of early-maturing cultivars. donado (1967) found that cultivar blends had signifi-

cantly higher yields than their component pure-line cul-
tivars only when in more stressful environments. Shorter
and Frey (1979), by contrast, found no difference be-Oat hectarage in the USA has declined dramati-
tween blend and pure-line performance.cally since 1950 (USDA-National Agricultural

Comparisons of blends and pure lines can vary amongStatistics Service, 1998). Inclusion of oat in crop rota-
samples of cultivars because of genotypic variation fortions, however, can enhance species diversity on farms
contributions to blend performance. Gizlice et al. (1989)and help to reduce weed and insect pests (Liebman
used a modified diallel analysis to characterize specificand Dyck, 1993), increase soil quality and curb erosion
genotypic contributions to blend response. In this analy-(Gantzer et al., 1991), and stabilize farm incomes
sis, variation among blends was partitioned into general(Brummer, 1998). Because oat has value as feed for
blending ability (GBA) and SCA variances. These effectslivestock, in human nutrition, and as a partial remedy
are analogous to the general and specific combiningfor many production problems, methods to increase and
abilities estimated from diallel analyses of single-crossstabilize oat grain yields are needed.
hybrids in maize (Zea mays L.; Sprague and Tatum,To minimize the adverse effects of environmental
1942). Gizlice et al. (1989) demonstrated that if pure-stresses on yield, plant breeders have attempted to de-
line components are evaluated in the same experimentvelop cultivars that will perform reliably well across
as the blends, then GBA can be partitioned into twoa range of years and sites (Evans, 1993; Allard and
components, GYA and TGCA. The GYA representsBradshaw, 1964). Yield stability is the result of a crop’s
the innate yielding ability of a cultivar grown as a pure
line, and the TGCA is the additional mean competitiveS.J. Helland, Dep. of Plant Pathology, Iowa State Univ., Ames, IA 50011;
response of a cultivar calculated as the difference be-J.B. Holland, USDA-ARS Plant Science Research Unit, Dep. of Crop
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a total of 25 entries. In the second trial, 10 midseason-maturingtween the GBA and the GYA. If either TGCA or SCA
cultivars (Blaze, Burton, Chaps, Jerry, Jim, Newdak, Ogle,effects are significant, blend yields would be expected
Prairie, Premier, and Rodeo) were evaluated as pure linesto be significantly different than the average of their
and as all two-way cultivar blends. With the addition of onetwo component cultivars. Cultivars with positive TGCA
experimental check line, IAR56-5, there were 56 entries ineffects are those that capitalize on or contribute to the the midseason-maturity experiment. Blends were developed

stabilizing and buffering effects of blending. by compositing equal numbers of seeds of each component
Choosing the most efficient strategy for evaluating line and mixing thoroughly before planting.

and selecting genotypes for use in blends requires Both experiments were grown during 1998 and 1999 at
knowledge of the relative importance of GYA, TGCA, Ames (central Iowa), Nashua (northeastern Iowa), Crawfords-

ville (east central Iowa), and Lewis (west central Iowa). Soilsand SCA effects in blends. If SCA effects are important,
at each location were: Nicollet silty loam (fine-loamy, mixed,then superior blend combinations cannot be predicted
superactive, mesic Aquic Hapludoll) at Ames, Readlyn loamon the basis of average blend responses of component
(fine-loamy, mixed, mesic Aquic Hapludoll) at Nashua, Ma-cultivars or cultivar pure-line performance. In this case,
haska silty clay loam (fine, smectitic, mesic Aquic Argiudoll) atas many combinations of genotypes as possible should
Crawfordsville, and Marshall silty clay loam (fine-silty, mixed,be evaluated in order to have a good probability of superactive, mesic Typic Hapludoll) at Lewis. The experimen-

identifying the best blends. If SCA effects are not impor- tal designs were a 5 � 5 square lattice for the early-maturity
tant but variation for TGCA effects among cultivars experiment and a 7 � 8 rectangular lattice for the midseason
exists, then superior blends can be developed by mixing experiment. There were three replications of each experiment
genotypes with superior average blending responses. In within each environment. Plots were 3.72 m2 and consisted of

four rows, each spaced 30 cm apart. Plots were sown at a ratethis case, the most efficient breeding procedure would
of 1000 seeds per plot.be to evaluate genotypes in blend combinations with a

Flowering date was recorded at Ames as the number ofsubset of tester genotypes and to select those genotypes
days after planting when 50% of the panicles in each plotwith best average blending ability for use in blends.
were fully emerged. Reactions to natural infections of crownFinally, if blends are superior to pure lines but SCA
rust (Puccinia coronata Corda var. avenae W.P. Fraser andeffects are unimportant and variation among genotypes Ledingham) were rated twice at 1-wk intervals within the 2 wk

for TGCA effects is lacking, then superior blends can be following mean heading date of all entries at Ames and Nashua
identified simply on the basis of pure-line evaluations. in both years. Ratings were based on a nine-point combined
Whereas Shorter and Frey (1979) performed a diallel scale of incidence and severity (Holland et al., 1998). Plots
analysis of oat blends and found that SCA effects were were machine-harvested and grain yield (kg ha�1 ) and volume

weight (kg m�3 ) were measured on every plot.not important, they did not partition GBA into GYA
and TGCA to identify optimal breeding procedures for

Statistical Analysisblends. Furthermore, most of the genotypes in their
study were selected from the same population, resulting Analyses of variance for each trait within and across envi-
in a limited sample of the genetic diversity available for ronments were obtained using the SAS procedure general
use in oat cultivar blends. Estimation of the relative linear models (GLM; SAS Institute, 1985). Crossover geno-
importance of GYA, TGCA, and SCA effects in a genet- type-by-environment interactions were identified as instances

in which the difference between two genotypes’ mean valuesically broader sample of modern oat cultivars is needed
was significantly (P � 0.05) positive in at least one environ-to determine if blending current oat cultivars is war-
ment and significantly negative in at least one other environ-ranted to enhance productivity or stability and to iden-
ment. A genotype’s stability for yield and volume weight wastify the most efficient method of identifying superior
estimated using Shukla’s (1972) measure of genotype-by-envi-blends.
ronment interaction variance (	2

i),We investigated the effects of blending modern oat
cultivars on grain yield and volume weight means and

	2
i �

p
(p � 2)(q � 1) �

q

j�1

(Xij � Xi. � X.j 
 X..)2
stabilities in two experiments. The objectives of these
experiments were (i) to determine whether blend yields
and volume weights were greater than those of pure �

SS(GE)
(p � 1)(p � 1)(q � 1)

, [1]
lines, (ii) to compare yield stability of blends and pure
lines, and (iii) to identify the genotypic sources of blend

whereresponse in oat cultivar blends with the goal of providing
breeders with a method for selecting effective cultivar

SS(GE) � �
q

j�1
�
q

i�1

(Xij � Xi. � X.j 
 X..)2, [2]combinations.

and p is the number of genotypes, q is the number of environ-MATERIALS AND METHODS
ments, Xij is the observed mean value of genotype i in environ-

Experimental Design and Observations ment j, and X.. is the overall mean. Grain yield and volume
weight adaptabilities over environments were measured usingTwo separate experiments were performed to evaluate
Lin and Binns’ (1988) superiority statistic, Pi, which is de-early-maturing and midseason-maturing cultivars of oat. To
fined assimplify the mechanical harvesting of plots, blends were devel-

oped by mixing cultivars of the same maturity class. In the
first trial, five early-maturing cultivars (Dane, Don, Horicon,
Sheldon, and Starter) were grown as pure lines, all possible Pi �

�
n

j�1

(Xij � Mj)2

(2n)
, [3]

two-cultivar blends, and all possible three-cultivar blends for
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where Xij is the mean value of the ith cultivar grown in the
jth environment, Mj is the maximum mean response in the jth
environment, and n is the number of environments tested.
Sampling variances for Pi and 	2

i estimators were obtained
with the jackknife procedure (Weir, 1996). Average stability
and superiority of blends and pure lines were compared using
a one-way analysis of variance in SAS procedure GLM (SAS
Institute, 1985), in which the variation among entries within
each group was used to test the significance of the mean dif-
ferences.

Diallel analyses of yield and volume weight in both experi-
ments were performed for blend response and blend perfor-
mance per se according to Gizlice et al. (1989). Models from
Federer et al. (1982) were used to describe our results for
blends:

Yhij � � 
 �h 
 (i 
 j 
 �i 
 �j)/2 
 �ij 
 εhij [4]

and for pure lines:

Yhi � � 
 �h 
 i 
 εhi. [5]

In this model, Yhij is a mean value for a blend of genotypes i
and j over replications at one environment, � is the general
mean effect, �h is the hth environmental effect, i is the devia-
tion of the ith pure-line genotype from the mean of all pure
lines (two times GYA), �i/2 is the TGCA of the ith genotype
(in blends), �ij is the SCA of genotypes i and j when grown
together, and εhij is a genotype-by-environment interaction
effect. TGCA effects were estimated from the analysis of blend
response. The genotype-by-environment effect was further
partitioned into GYA-by-environment, TGCA-by-environ-
ment, and SCA-by-environment effects. Mean squares for
each effect were calculated using the SAS procedure GLM
(SAS Institute, 1985). Mean separations were based on Fish-
er’s protected LSD at P � 0.05.

RESULTS AND DISCUSSION
Effects of Blending on Grain Yield

and Volume Weight
Average grain yields and volume weights varied

among the eight environments (Table 1). Highest yields
were observed at Ames in 1999, with average yields of
4248 kg ha�1 for the early-maturity experiment and
4787 kg ha�1 for the midseason-maturity experiments.
The environment with the lowest yields was Crawfords-
ville in 1998, where the average yields were only 1867
kg ha�1 in the early-maturity experiment and 1762 kg
ha�1 in the midseason-maturity experiment. Mean vol-
ume weights ranged from 433 to 464 kg m�3 and 450
to 551 kg m�3 across environments in the early and
midseason-maturity experiments, respectively. Crown
rust infection was observed in all environments, but
disease reaction scores did not differ among pure-line
cultivars in any environment in which they were mea-
sured. Thus, it is unlikely that crown rust resistance
contributed to blend responses in this study.

Mean blend response averaged over environments
was positive in the early-maturity but not the midseason-
maturity experiment (Tables 1–5). It is not obvious why
blend responses were observed in the early-maturity but
not the midseason-maturity cultivars. This result may
be due to sampling different genotypes in the different
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Table 2. Mean heading date, grain yield, volume weight, Shukla’s genotype-by-environment stability variance (�2
i), and Lin and Binn’s

(1988) adaptability parameter (Pi ) for five early-maturing pure-line oat cultivars and 10 two-way and 10 three-way cultivar blends
evaluated at eight Iowa environments.

Volume weight
Grain yield stability stability

Heading Grain % Blend Volume % Blend Pi �
Cultivar or blend date yield response Pi � 104‡ �2

i � 103‡ weight response 10‡ �2
i

DAP† kg ha�1 kg m�3

Dane 70 3558 34 73 449 329 313
Don 71 3107 57 33 479 81 197
Horicon 76 3413 29 153 473 94 135
Sheldon 74 3091 85 69 458 209 102
Starter 72 3013 83 29 495 16 153
Dane/Don 70 3477 4.3 17 22 467 0.6 148 88
Dane/Horicon 71 3488 0.1 13 12 465 1.3 150 70
Dane/Sheldon 70 3558 7.0 19 43 464 3.2 162 46
Dane/Starter 71 3400 3.5 20 66 477 0.6 72 14
Don/Horicon 70 3217 �1.3 62 63 477 �2.3 84 113
Don/Sheldon 72 3245 4.7 41 34 476 1.4 80 68
Don/Starter 71 3110 1.6 60 54 486 �1.9 66 389
Horicon/Sheldon 71 3296 1.3 38 63 474 �0.3 96 57
Horicon/Starter 71 3263 1.5 34 19 491 �0.4 19 32
Sheldon/Starter 71 3155 3.4 55 57 488 0.1 38 285
Dane/Don/Horicon 73 3489 3.9 16 25 467 2.1 133 22
Dane/Don/Sheldon 73 3477 2.2 18 42 468 5.1 137 57
Dane/Don/Starter 71 3251 0.8 36 43 475 1.2 96 92
Dane/Horicon/Sheldon 72 3521 5.0 14 61 475 3.5 91 102
Dane/Horicon/Starter 72 3507 5.4 12 13 478 0.3 79 61
Dane/Sheldon/Starter 71 3368 4.6 29 29 482 4.0 54 70
Don/Horicon/Sheldon 73 3279 2.3 44 73 475 0.8 85 108
Don/Horicon/Starter 73 3208 1.0 45 15 480 �0.3 77 212
Don/Sheldon/Starter 72 3224 5.0 40 44 473 2.9 116 242
Horicon/Sheldon/Starter 73 3243 2.2 42 16 481 2.7 62 106
LSD (0.05) 2 212 15 40 11 38 79
Mean of all pure-lines 73 3236 58 71 471 146 180
Mean of all blends 72 3339 3.2 33 40 476 1.1 92 112
Mean 2-way blend response 84* 2.6 �22* �28 5* 1.1 �54 �64
Mean 3-way blend response 120* 3.7 �28* �35 4* 0.8 �53 �73
Mean overall blend response 102* 3.2 �25* �32* 5* 1.1 �54 �68

* Significant at the 0.05 probability level.
† Days after planting.
‡ Actual values equal to reported value times the indicated factor.

petition for resources is stronger than inter-genotypic experiment (Tables 1–5). The entry with the highest
ranking for volume weight in the early-maturity experi-competition when plants mature more quickly.

Within environments, mean blend yields were less ment was a pure line, Starter (Table 2), but Starter was
not different than the highest ranked blend, Horicon/than mean pure-line yields at Nashua in 1999 in the mid-

season-maturity experiment. Mean blend yields were Starter. In the midseason-maturity experiment, the pure
line with the highest volume weight, Jerry, was not dif-greater than mean pure-line yields at Ames and Nashua

in 1998 for the early-maturity experiment, and at Craw- ferent from the best blends, Blaze/Jerry and Jerry/Pre-
mier (Table 3). In both experiments, the blend withfordsville in 1999 for the midseason-maturity experi-

ment. Mean percentage blend response and environ- the highest volume weight included the best pure line,
suggesting that blend performance was largely deter-ment mean yield (Table 1) were negatively correlated

in the early-maturity experiment (r � �0.72, P � 0.05), mined by pure-line performance. Because the highest-
ranked entries for volume weight in both experimentscongruent with Frey and Maldonado’s (1967) finding

that oat blending response increased in more stressful were pure-line cultivars, and because grain uniformity
may be important to farmers who market their grainenvironments. In the early-maturity experiment, the

greatest-yielding pure line, Dane, had grain yield equal for milling for human consumption, blending may have
unfavorable effects on volume weight. Farmers wishingto the greatest-yielding blend, Dane/Sheldon (Table 2).

The highest-ranking entry in the midseason-maturity to use blends should grow cultivar blends that will pro-
duce sufficient grain uniformity to satisfy their market-experiment was a blend (Chaps/Jim), but it was not

different than the best pure line (Chaps) (Table 3). ing needs.
Two- and three-component blend yields and volumeThese results suggest that oat cultivar blends may pro-

vide buffering against stressful environments and pro- weights were compared in the early-maturity experi-
ment. No difference existed between the two types ofvide a low-risk opportunity for slightly greater grain

yields, if appropriate cultivar mixtures are chosen. blends for either grain yield or volume weight (Tables
2 and 4). The mean yields of two- and three-way blendsAveraged over environments, blend volume weights

were greater than pure-line volume weights in the early- were 3321 and 3356 kg ha�1, respectively, and the mean
volume weights of two- and three-way blends were 476maturity experiment, but not in the midseason-maturity
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Table 3. Heading date, grain yield, volume weight, Shukla’s genotype-by-environment stability variance (�2
i), and Lin and Binn’s

adaptability parameter (Pi ) for 10 midseason-maturing pure-line oat cultivars and 45 two-way cultivar blends evaluated at eight
Iowa environments.

Grain yield stability Volume weight stability
Heading Grain % Blend Volume % Blend

Cultivar or blend date yield response Pi � 104‡ �2
i � 103‡ weight response Pi � 10‡ �2

i

DAP† kg ha�1 kg m�3

Blaze 74 3868 19 81 508 84 282
Burton 76 3262 98 62 485 266 198
Chaps 74 3950 13 30 482 276 124
Jerry 74 3278 111 67 531 2 37
Jim 74 3885 21 49 496 169 209
Newdak 75 3077 157 142 470 409 342
Ogle 75 3546 60 100 465 498 154
Prairie 75 3645 36 78 455 657 418
Premier 75 3455 60 39 509 72 177
Rodeo 78 3932 13 104 477 340 269
Blaze/Burton 75 3423 �4.0 84 113 494 �0.5 191 592
Blaze/Chaps 75 3926 0.4 15 33 496 0.2 152 141
Blaze/Jerry 74 3711 3.9 43 196 520 0.1 42 457
Blaze/Jim 73 3950 1.9 14 39 500 �0.3 122 151
Blaze/Newdak 75 3522 1.4 70 116 486 �0.6 232 161
Blaze/Ogle 76 3815 2.9 22 36 487 0.1 223 72
Blaze/Prairie 75 3703 �1.4 38 59 483 0.2 282 276
Blaze/Premier 74 3707 1.2 31 68 511 0.5 59 139
Blaze/Rodeo 76 4033 3.4 6 23 495 0.4 171 352
Burton/Chaps 74 3562 �1.2 54 60 482 �0.3 285 156
Burton/Jerry 73 3345 2.3 89 57 507 �0.2 78 126
Burton/Jim 73 3465 �3.1 66 40 489 �0.1 223 222
Burton/Newdak 76 3256 2.7 104 56 483 1.1 278 304
Burton/Ogle 77 3419 0.4 76 34 475 0.0 385 268
Burton/Prairie 77 3299 �4.5 88 50 469 �0.1 475 585
Burton/Premier 75 3196 �4.9 110 25 495 �0.3 171 192
Burton/Rodeo 77 3509 �2.4 58 31 483 0.4 308 646
Chaps/Jerry 74 3676 1.7 36 23 511 0.9 60 62
Chaps/Jim 75 4101 4.7 11 122 496 1.5 153 105
Chaps/Newdak 73 3591 2.2 53 38 482 1.1 276 87
Chaps/Ogle 75 3815 1.8 28 88 478 1.0 340 237
Chaps/Prairie 76 3686 �2.9 33 47 465 �0.8 507 266
Chaps/Premier 76 3745 1.1 27 29 499 0.7 127 94
Chaps/Rodeo 76 3898 �1.1 15 58 473 �1.4 390 124
Jerry/Jim 75 3664 2.3 44 53 516 0.5 50 344
Jerry/Newdak 75 3255 2.4 115 85 506 1.0 92 264
Jerry/Ogle 75 3564 4.4 58 50 493 �0.9 183 297
Jerry/Prairie 75 3424 �1.1 76 32 493 �0.1 177 18
Jerry/Premier 75 3420 1.6 77 61 520 0.0 42 377
Jerry/Rodeo 76 3558 �1.3 62 69 500 �0.7 129 185
Jim/Newdak 74 3649 4.8 54 177 484 0.3 251 112
Jim/Ogle 75 3775 1.6 29 52 484 0.8 296 416
Jim/Prairie 74 3824 1.6 24 132 478 0.6 362 474
Jim/Premier 74 3678 0.2 33 41 504 0.2 122 305
Jim/Rodeo 73 3971 1.6 12 30 488 0.3 226 130
Newdak/Ogle 74 3394 2.5 85 62 469 0.3 418 38
Newdak/Prairie 75 3411 1.5 73 69 463 �0.1 516 111
Newdak/Premier 75 3221 �1.4 126 80 489 �0.2 217 171
Newdak/Rodeo 76 3561 1.6 54 22 474 �0.1 370 143
Ogle/Prairie 76 3658 1.7 37 150 455 �1.1 674 513
Ogle/Premier 76 3591 2.6 47 83 481 �1.4 326 352
Ogle/Rodeo 77 3746 0.2 35 59 463 �1.8 519 81
Prairie/Premier 76 3432 �3.3 67 67 475 �1.6 380 265
Prairie/Rodeo 77 3691 �2.6 37 76 470 0.7 492 1034
Premier/Rodeo 74 3691 �0.1 31 42 484 �1.9 259 93
LSD (0.05) 3 233 17 40 14 71 181
Mean of all pure-lines 75 3590 59 75 488 277 221
Mean of all blends 75 3612 0.6 52 65 488 0.0 256 209
Mean blend response 22 0.6 �7 �10 0 0.0 �21 31

† Days after planting.
‡ Actual values equal to reported value times indicated factor.

and 475 kg m�3, respectively. Increasing the number of L.) blends containing up to 10 components were no
better than two-way blends.cultivars included in a blend increases genetic diversity,

but it did not affect blend performance. Frey and Maldo- Effects of Blending on Stabilitynado (1967) obtained similar results from comparisons
of two to six component blends in oat, and Clay and Three of the ten possible comparisons of pure-line cul-

tivars in the early-maturity experiment exhibited signifi-Allard (1969) concluded that barley (Hordeum vulgare
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Table 4. Analysis of variance of blend response and blend yield per se for grain yield and volume weight of five early-maturing oat
cultivars and all possible two- and three-way cultivar blends grown at eight Iowa environments.

Yield Volume weight

Source of variation df MSper se§ � 103 MSBR¶ � 103 df MSper se MSBR

Environments 7 16 223‡ 7 31 304‡
Entries 24 210‡ 24 784‡

Pure lines (GYA)# 4 445** 4 2 416‡
Blends 19 154‡ 19 452‡
2-way Blends 9 184† 9 742‡
GBA and TGCA††,‡‡ 4 395† 96 4 1 576† 136
SCA§§ 5 16 16 5 25 25
3-way Blends 9 135† 9 207
Blends vs. Pure lines 1 335** 1 563*
2-way Blends vs. Pure lines 1 190* 1 934*
3-way Blends vs. Pure lines 1 385** 1 533*
2-way vs. 3-way Blends 1 51 1 50

Entry � Environment 168 46† 168 136†
Pure line � Environment 28 78† 28 196*
Blends � Environment 133 40† 133 113†
2-way Blend � Environment 63 44** 63 120†
GBA/TGCA � Environment§ 28 55† 52** 28 166† 167†
SCA � Environment§ 35 35 35 35 76* 76*
3-way Blend � Environment 63 38* 63 107†
Blend vs. Pure line � Environment 7 91† 7 339†

Error 285 26 285 52

* Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.
† Significant at the 0.005 probability level.
‡ Significant at the 0.0001 probability level.
§ MSper se � mean squares for the variable per se correspond to variance due to GBA. Mean squares for blend residuals adjusted for GYA effects

correspond to variance due to TGCA.
¶ MSBR � mean squares based on blend response entry residuals obtained by subtracting the mean of component pure lines.
# GYA � general yielding ability.
†† GBA � general blending ability.
‡‡ TGCA � true general competing ability.
§§ SCA � specific competing ability.

cant crossover genotype-by-environment interactions within the target set of Iowa oat-growing environments
suggests that improvements in yield stability, as well asfor grain yield. In the midseason-maturity experiment,

among 45 pure-line cultivar comparisons, 10 compari- yield potential, are desirable. We used two statistics to
measure the stability or adaptability of the entries insons of yield and 6 of volume weight exhibited signifi-

cant crossover genotype-by-environment interactions. our experiment to determine if blending cultivars results
in improved stability of grain yield or volume weight.The existence of numerous significant genotype-by-

environment interactions among a set of elite cultivars Shukla’s stability variance (Shukla, 1972) is an unbi-

Table 5. Analysis of variance of blend response and blend yield per se for grain yield and volume weight of 10 midseason-maturing oat
cultivars and all possible two-cultivar blends grown at eight Iowa environments.

Yield Volume weight

Source of variation df MSper se§ MSBR¶ � 103 df MSper se MSBR

Environments 7 49 595‡ 7 53 331‡
Entries 54 514‡ 54 2 302‡

Pure lines (GYA)# 9 923‡ 9 4 282‡
Blends 44 440‡ 44 1 949‡
GBA and TGCA††,‡‡ 9 1 800† 199 9 9 091† 192
SCA§§ 35 30 30 35 102 102
Blends vs. Pure lines 1 90 1 1

Entry � Environment 378 52† 378 210†
Pure line � Environment 63 55† 63 187†
Blends � Environment 308 51† 308 216†
GCB/TGCA � Environment§ 63 129† 221*** 63 674† 368†
SCA � Environment§ 245 36* 36* 245 98 98
Blend vs. Pure line � Environment 7 78† 7 181†

Error 440 30 440 66

* Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.
† Significant at the 0.005 probability level.
‡ Significant at the 0.0001 probability level.
§ MSper se � mean squares for the variable per se correspond to variance due to GBA. Mean squares for blend residuals adjusted for GYA effects
correspond to variance due to TGCA.
¶ MSBR � mean squares based on blend response entry residuals obtained by subtracting the mean of component pure lines.
# GYA � general yielding ability.
†† GBA � general blending ability.
‡‡ TGCA � true general competing ability.
§§ SCA � specific competing ability.
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Table 6. General blending ability (GBA), general yielding abilityased estimate of the genotype-by-environment interac-
(GYA), and true general competing ability (TGCA) effectstion variance for a given genotype. According to Shukla for yield and volume weight of five early-maturing spring oat

(1972), cultivars with smaller genotype-by-environment cultivars grown as pure lines and all possible two-way blends
interaction variances (	2

i ) are more stable. On average, in eight Iowa environments. �i � the deviation of the ith pure-
line genotype from the mean of all pure lines, and �i/2 � theShukla’s genotype-by-environment stability variance
TGCA of the ith genotype.was smaller for blends than pure lines in the early-

Yield Volume weightmaturity experiment, but not the midseason-maturity
experiment (Tables 2 and 3). Although volume weight GBA GYA TGCA GBA GYA TGCA

Cultivar (�i /2 
 �i /2) (�i /2) (�i /2) (�i /2 
 �i /2) (�i /2) (�i /2)stability was not significantly better in blends than in
pure lines, the blend with the smallest Shukla’s variance kg ha�1 kg m�3

Dane 255 161 94 �50 �11 4for volume weight in the early-maturity experiment
Don �36 �65 28 3 4 �1(Dane/Starter) was significantly more stable than the
Horicon 35 88 �53 5 1 3

most stable pure line (Sheldon) (Table 2). Sheldon 32 �73 105 �4 �6 6
Starter 77 �111 35 62 12 3One disadvantage of Shukla’s stability measure is that
Mean 42 0 42 3 0 3it does not provide any information on the magnitude LSD (0.05) 98 106 NS† 5 5 NS

of yield of the cultivars. A cultivar that has a constant
† NS � not significant at P � 0.05.response to environments may be very stable, but if it

is consistently lower yielding, it is not useful to the
cultivar has a general blending ability that is significantlyproducer. Lin and Binns’ (1988) adaptability parameter
better or worse than others. The average of cultivar(Pi ) compares the yields of test cultivars with the great-
TGCA effects is equal to half the mean blend response.est-yielding cultivar within each location in the experi-
The significance of blend response in the early-maturityment, rather than with the mean yield of all cultivars.
experiment indicates that the mean TGCA effect ofSmaller values of Pi reflect greater adaptability of an
early-maturity cultivars was greater than zero; neverthe-entry across environments. The difference between
less, there was no significant variation among cultivarShukla’s stability variance and Lin and Binn’s adaptabil-
TGCA effects. This implies that while early-maturityity parameter is demonstrated by their correlations with
cultivars in general responded positively to blending,mean yield in this study. In the midseason-maturity ex-
the positive blend response was sufficiently consistentperiment, Shukla’s variance had no correlation with
among cultivars that superior blend components can bemean yield (r � �0.039, P � 0.78), demonstrating that
selected efficiently on the basis of pure-line evaluations.a cultivar’s yield potential has little to do with its stabil-
Testing of oat blends is not necessarily required to iden-ity. Lin and Binns’ adaptability parameter, however,
tify superior blend components. Further evidence of thiswas highly negatively correlated with grain yield (r �
was that the significant pure-line GYA and GBA effects�0.964, P � 0.0001) because the adaptability parameter
for grain yield and volume weight in the early- andmeasures the magnitude as well as the consistency of
midseason-maturity experiments (Tables 6 and 7) wereyield across environments. Blends were significantly
highly correlated (r � 0.85, P � 0.01 for effects on yieldbetter adapted than pure lines on average, according to
in the early-maturity experiment, and r � 0.95, P �Lin and Binns’ adaptability parameter for yield in the
0.0001 for effects on yield in the midseason-maturityearly-maturity trial, but were not different than pure
experiment). Finally, blends of the greatest-yieldinglines in the midseason experiment (Tables 2 and 3).
pure lines within each experiment (Dane/Horicon in

Competing Ability Analysis Table 7. General blending ability (GBA), general yielding ability
(GYA), and true general competing ability (TGCA) effectsOur results indicated that oat yields can sometimes for yield and volume weight of 10 midseason-maturing spring

be increased through the blending of particular cultivars. oat cultivars grown as pure lines and all possible two-way blends
in eight Iowa environments. �i � the deviation of the ith pure-However, all blends were not better than all pure lines,
line genotype from the mean of all pure lines, and �i/2 � theand blend response was not consistent among all blends,
TGCA of the ith genotype.so methods for identifying superior blends would be

Yield Volume weighthelpful to farmers and plant breeders. Comparison of
the relative importance of variation in GYA, GBA, GBA GYA TGCA GBA GYA TGCA

Cultivar (�i /2 
 �i /2) (�i /2) (�i /2) (�i /2 
 �i /2) (�i /2) (�i /2)TGCA, and SCA effects can guide breeding efforts
aimed at developing improved cultivar blends. SCA and kg ha�1 kg m�3

Blaze 171 139 22 10 10 0TGCA are measures of blending performance that ex-
Burton �243 �164 �106 �2 �1 0clude innate pure-line yielding effects (GYA). In our Chaps 198 180 14 �1 �3 2
Jerry �100 �156 46 22 21 1experiments, SCA effects were not significant (Tables
Jim 207 148 48 6 4 24 and 5), indicating that statistical interactions between
Newdak �195 �256 34 �7 �9 2

cultivars in blends were not important. This lack of SCA 45 �22 93 �13 �12 �2
Prairie �36 28 �51 �17 �16 �1simplifies the identification of superior blends because
Premier �92 �68 �8 9 11 �2it makes expensive evaluations of all possible blend Rodeo 155 171 18 �7 �5 �2

combinations unnecessary. Mean 11 0 11 0 0 0
LSD (0.05) 101 116 NS† 7 7 NSVariation among TGCA effects was also not significant
† NS � not significant at P � 0.05.in both experiments (Tables 4–7). This implies that no
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neous and heterogeneous oat cultivars in optimum and suboptimumthe early-maturity experiment and Chaps/Rodeo in the
environments. Crop Sci. 7:532–535.midseason-maturity experiment) were not significantly

Gantzer, C.J., S.H. Anderson, A.L. Thompson, and J.R. Brown. 1991.
different than the best blends within each experiment Evaluation of soil loss after one hundred years of soil and crop
for yield (Tables 2 and 3). management. Agron. J. 83:74–77.

Gizlice, Z., T.E. Carter, J.W. Burton, and T.E. Emigh. 1989. Parti-The ability to successfully develop superior cultivar
tioning of blending ability using two-way blends and componentblends on the basis of pure-line performance is advanta-
lines of soybean. Crop Sci. 29:885–889.geous to both plant breeders and farmers. For plant Holland, J.B., D.V. Uhr, D. Jeffers, and M.M. Goodman. 1998. Inheri-

breeders, the high correlation of pure-line performance tance of resistance to southern corn rust in tropical-by-corn-belt
maize populations. Theor. Appl. Genet. 96:232–241.and general blending ability and the lack of cultivar-

Liebman, M., and E. Dyck. 1993. Crop rotation and intercroppingcultivar interactions simplifies and reduces costs of
strategies for weed management. Ecol. Applic. 3:92–122.blend breeding procedures. In addition, farmers can Lin, C.S., and M.R. Binns. 1988. A superiority measure of cultivar

successfully select the component cultivars for blending performance for cultivar � location data. Can. J. Plant Sci. 68:193–
198.simply by choosing those cultivars best adapted to their

Mundt, C.C., L.S. Brophy, and M.S. Schmitt. 1995. Choosing cropregion based on cultivar evaluation trial data.
cultivars and cultivar mixtures under low versus high disease pres-
sure: a case study with wheat. Crop Prot. 14:509–515.
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